Introduction
It is now well known and evident that the orthodox medicinal plantbased systems of medicines were capable of providing proficient health-care benefits to a bulk of the world population; these medicines may be significantly devoid of any deleterious side effects 1 . Due to low cost, accessibility and availability, a vast majority of the population in developing countries (nearly 80%) trust 'ancient' medicinal systems for their primary health-care needs 2 . The global herbal medicine market is constantly expanding 2, 3 . As reported by the Development Center for Biotechnology (Taiwan), the global market for herbal medicine is expected to exceed US $26 billion by 2011 compared to US $19 billion in 2006. Due to rapid urbanization and consequent changes in lifestyle, a few health disorders (such as cancer, diabetes and hypertension) are already a cause for concern. With the trend veering around to herbal health products, phytochemicals that have curative properties for lifestyle-related diseases are likely to face a heavy demand. As a consequence of this excessive demand, for most of these medicinal plant species, sustaining their population is becoming difficult. Many have officially been declared as endangered. To conserve these endangered medicinal plants, we need to effectively produce and maintain their supply chain. With this motivation, we considered six different endangered medicinal plants for our study (with local or common name): Rauwolfia serpentina (Sarpagandha), Coleus barbatus, Tylophora indica (Indian ipecac), Acorus calamus (Sweet flag), Ornithogalum (Star of Bethlehem) and Cycas revoluta (Sago palm). The broader perspective is to analyse their potential for commercial applications. There are manifold reasons and some unique properties behind choosing these plant species. Apart from its medicinal properties, we chose C. revoluta because of its archaeological aspects, slow growing nature and rareness. Cycads are generally referred to as the 'living fossils' with peak evolution during the Mesozoic era 4 . In addition, its growth rate is extremely slow. The fastest rate observed for commercial production (<30% shade) is three new sets of leaves and an increase of 3 cm in height and trunk diameter per year 5 . These plants are rare in occurrence and are becoming endangered because they are continually harvested for their leaves (for aesthetic or decorative purposes). In addition, the leaves and pith of cycads have certain components (phytochemicals) that are used for menstrual disorders, and the leaves of C. revoluta have been used in the treatment of cancer 6 . We chose other medicinal plants mainly because of their medicinal properties and high demand. R. serpentina can be used as a remedy for high blood pressure and schizophrenia 7 . C. barbatus finds applications in treatment of hypertension, respiratory problems, fever, epilepsy, gonorrhoea and many other diseases 8 . T. indica is useful in the treatment of asthma 9 . Ornithogalum can be used for treating congestive heart failure 10 . A. calamus can be an effective rejuvenator of the brain and nervous system 11 . The identification of the problem is critical. Generally, cycads are extremely slow growing by nature. They show much diminished response in in vitro culture media. As a result, standardized protocol and media for culturing cycads are still to be formulated and optimized. All other medicinal plants are also rare and very costly and show poor response in in vitro culture media (less number of shoots per nodal explant). We have tried to overcome this problem by callus induction for C. revoluta. As for the other medicinal plants, standardization of the shoot induction protocol is the need of the hour. This would be the ideal situation for designing future works with an eye on successful mass scale propagation and regeneration. If successful, the price per plantlet will be a lot less than pre-existing market prices. Our aim is to see the effects of growth regulators on in vitro response and multiple shoot induction in the chosen endangered medicinal plants.
Materials and methods
The protocol of this study has been approved by the relevant ethical committee related to our institution in which it was performed. [12] [13] [14] . To prepare 100 mL of MS and/or B5 medium, appropriate volumes of ingredients were first mixed together. Then, 3 g of sucrose and 10 mg myoinositol were added along with little water. This was followed by addition of appropriate volumes of PGRs. The volume was initially made to 90 mL and after setting the pH to 5.8, it was adjusted to 100 mL. To this, 0.9% agar was added and the solution was melted.
Media preparation

Sterilization and inoculation
Moist sterilization was employed for all materials by autoclaving them at 121°C for 40 min. After autoclaving, the medium was poured in Petri dishes and test tubes. For callus induction, Petri dishes and 150 × 15 mm glass test tubes were used for C. revoluta; only test tubes for all other plants. The explants were subjected to rigorous surface sterilization by treating with 70% ethanol, followed by hypochlorite. Sterilants were removed by repeated washing with autoclaved distilled water. Before inoculating the explants into the medium, forceps were flamesterilized. Periodic observations (after each week) were made for all medicinal plants, and the results were documented and analysed.
Results
The effects of different growth regulators on leaf explants of C. revoluta cultured in Petri dishes are shown in Table 2 , and the effects of different combinations of growth regulators on leaf and midrib explants cultured in test tubes are shown in Table 3 . A single isolated incidence of swelling in C. revoluta is shown in Figure 1a . The general and specific changes observed in all other medicinal plants, including the initiation of nodal explants, are shown in Table 4 . Ornithogalum leaf explants on B5 media supplemented with BAP 5 mg/L exhibited a number of in vitro bulbs (Table 5 and Figure 1b ). R. serpentina was cultured on MS media augmented with BAP 0.5 mg/L (Table 6 ). This medium has been successful in initiating the germination of axillary buds and their elongation (Figure 1e ). C. barbatus was cultured on MS with BAP 0.1 mg/L (Table 7) . It showed outgrowth of axillary buds on MS + 0.1 mg/L BAP (Figure 1c) . A. calamus showed formation of fresh leaves from the base and the explant on MS + BAP 0.5 mg/L and IAA 1 mg/L (Table 8 and Figure 1f) . T. indica showed outgrowth of apical buds on MS with BAP 0.5 mg/L and IAA 0.1 mg/L (Table 9 and Figure 1d) . In all the above combinations, prominent apical shoots were observed indicating an appropriate media composition. Germination of all medicinal plant species (except C. revoluta) was observed on further subculture or micropropagation (Table 10) .
Discussion
Significant contribution towards Cycas conservation has been made through vegetative propagation 15 . Nevertheless, protocols for commercially feasible micropropagation of Cycas have not been reported till now 16 . Preliminary studies indicate that embryogenic cultures that have been pre-treated on plant growth medium containing 0.75 M sucrose for 2 days, encapsulated in sodium alginate and desiccated for 6 h can survive immersion in liquid nitrogen 17 . An in vitro propagation method of A. calamus was developed at the Center for Plant Molecular Biology, Osmania University, Hyderabad, India 18 . Suitability of Ornithogalum for callus induction and regeneration has been demonstrated 19 and the influence of light as culture condition has been studied 20 . Clonal propagation in large scale was carried out for R. serpentina 21 . A protocol for the generation of shoots with high frequency from stem-derived callus has been developed for T. indica 22 . In another study, an in vitro production system was established by the formation of adventitious shoot buds without developing the intermediate callus 23 . Very recently, tissue culture and micropropagation studies have also been reported for Coleus species 24, 25 . The old and existing methods for the conservation of endangered medicinal plants may be improved upon, for example, mass scale germination Cycas seeds and growing them in artificially-treated soil. It also includes micropropagation of nodes for medicinal plants, but number of buds per nodes is not very large. Our main approach for solving this problem involves the principles of plant tissue culture (callus culture and micropropagation from nodal explants). For callus induction, we took explants of C. revoluta and tried to induce callus from all the explants followed by further shoot and root induction from the same. We mainly used two types of basal media (MS and B5) with different types of growth hormone combinations and concentrations. The main growth hormones used were kinetin, benzylaminopurine (BAP), 2,4-dichlorophenoxyacetic acid (2,4-D), indole acetic acid (IAA) and napthalene acetic acid (NAA) with varying concentrations. We first worked on lower concentrations of these hormones (kinetin, BAP, NAA and 2,4-D). Concentrations used were 0.1, 0.5 and 1 mg/L of each with MS media. Explants used for inoculation were leaves and midribs of C. revoluta. Replica of all same concentrations in first inoculation was done. We also used higher concentrations of 2 mg/L) with B5 media were also tested; however, no significant results were obtained (Table 3) . Hence, MS medium appears to bring out better results, because the macronutrients mainly constitute the difference between the two media. Generally, a high concentration of cytokinins has been known to stimulate formation of in vitro bulbs in many Liliaceae species 26 . In Ornithogalum also, high concentrations appear to have worked in the same manner. Lower concentrations were not tried initially due to a shortage of availability of explants. With the available in vitro bulbs, lower concentrations may also be tried. 
Conclusion
Within the limits of experimental errors, we were unable to obtain any significant tissue culture results for C. revoluta. The only exception was development of a swelling when cultured in MS + 5 mg/L 2,4-D. We conclude that callus induction was not possible at low concentrations of any growth hormone. Moreover, at too high concentrations, callus could still not be induced, most probably due to inhibitory effects. The only effective concentration was 5 mg/L 2,4-D for development of a swelling in case of C. revoluta. Further work needs to be done to reach a satisfactory conclusion. As for the other medicinal species, we obtained satisfactory results for micropropagation by culturing the explants in MS and B5 media. Although we observed heavy bacterial and fungal contamination in some cases, overall, we obtained prominent in vitro buds (Ornithogalum) and apical shoots in all other plant species. This vindicates our media compositions (with different concentrations of BAP, IAA and NAA) as optimum and appro- 
